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Abstract: 

                 The current study was considered to select a appropriate isolate of Lactobacillus sp. in 

order to use it as an antibacterial formula for treating diabetic foot ulcer disease in diabetic mellitus 

patients, over two hundred Lactobacillus isolates were collected from different sources for this 

purpose  and subjected to a screening program to evaluate their antagonism activities against multi-

drug resistant (Pseudomonas aeruginosa ) foot ulcer pathogen which were chosen from one hundred 

and twenty pathogenic isolates. several Lactobacillus isolates were selected after primary and 

secondary screening according to their ability to inhibit the growth of P. aeruginosa and ability to 

produce bacteriocin. Results showed the isolate Lactobacillus L40 was selected as a highest 

bacteriocin producing isolate which was further characterized as Lactobacillus plantarum through 

Vitek 2 system. Bacteriocin from L. plantarum L40 was partially purified by precipitation with 

ammonium sulphate with 80% saturation and then separated with sephadex G-150 gel filtration. The 

specific activity of the resulted partial purified bacteriocin was increased to 864.86 AU/mg with 13-

fold purification and 64% yield. The study of bacteriocin characterization revealed that the activity of 

bacteriocin was stable after 10 min at 20, 30, 40C° whereas, more than 50% of the bacteriocin activity 

was lost after exposure to 50C° and decreased to approximately 20 AU/ml at 60,70 and 80C°. In 

addition, bacteriocin activity showed stability at pH 6 and 7 for 30 min while, it was decreased by 

approximately 50% at pH 5 and 8, and completely inhibited at pH 4 and 9. Antimicrobial activity tests 

of the partial purified bacteriocin against P. aeruginosa clinical isolates showed that bacteriocin was 

active against Gram negative bacteria. Formula was selected and optimized that can be used in this 

study, formula containing bacteriocin produced by L. plantarum L40 formula showed antibacterial 

activity by inhibiting (P. aeruginosa) growth. The results showed the possibility of using partially 

purified bacteriocin from L. plantarum L40 as an effective probiotic to deal with some skin 

pathogens, and treat skin diseases such as diabetic foot ulcer disease. The results supported the idea of 

using probiotic as an alternative method for the treatment with antibiotics. 

Keywords: Lactobacillus, bacteriocin, antibacterial, probiotic. 

جمدي ضد بكتريا  كمعزز حيهي  Lactobacillus plant arum الفعالية المضادة لبكتريهسين
 الزائفة الزنجارية المعزولة من قرحة القدم السكري 

 خالج جابخ كاعؼ  حشيؽ ماجج عبجالكخيؼ
 قدؼ التقشيات الاحيائية –كمية العمؾم  -جامعة بغجاد

 : الخلاصة
مؽ أجل استخجامو كتخكيبة مزادة لمبكتيخيا لعلاج  Lactobacillus spتؼ الشغخ في الجراسة الحالية لاختيار  العدلة السشاسبة مؽ 

مؽ مرادر مختمفة ليحا  Lactobacillusمخض قخحة القجم الدكخية لجى مخضى الدكخي ، تؼ جسع أكثخ مؽ مائتي عدلة مؽ 
الغخض وخزعت لبخنامج فحص لتقييؼ نذاطيا العجائي ضج مقاومة الأدوية الستعجدة ) الدائفة الدنجارية ( السدببة لقخحة القجم الدكخي 

ي والثانؾي وفقًا بعج الفحص الأول Lactobacillusوالحي تؼ اختياره مؽ مائة وعذخيؽ عدلة مسخضة. تؼ اختيار العجيج مؽ عدلات 
اختيخت  Lactobacillus L40لقجرتيا عمى تثبيط نسؾ الدائفة الدنجارية والقجرة عمى إنتاج البكتخيؾسيؽ. أوضحت الشتائج أن العدلة 

. تست تشقية Vitek 2مؽ خلال نغام  Lactobacillus plantarumكأعمى عدلة مشتجة لمبكتيخيؾسيؽ والتي شخرت كحلػ بأنيا 
٪ ثؼ فرميا باستخجام 80جدئيًا عؽ طخيق التخسيب مع كبخيتات الأمؾنيؾم بشدبة تذبع  L. plantarum L40ؽ مؽ البكتيخيؾسي

sephadex G-150  864.86بالتخشيح اليلامي. تست زيادة الشذاط الشؾعي لمبكتخيؾسيؽ السشقى الجدئي الشاتج إلى AU / mg  مع
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،  30،  20دقائق عشج  10بكتخيؾسيؽ أن نذاط البكتخيؾسيؽ كان مدتقخًا بعج ٪. كذفت دراسة تؾصيف ال64ضعفًا وندبة  13تشقية 
وحجة  20درجة مئؾية وانخفض إلى حؾالي  50٪ مؽ نذاط البكتخيؾسيؽ بعج التعخض إلى  50درجة مئؾية ، بيشسا فقج أكثخ مؽ  40

خ نذاط البكتخيؾسيؽ ثباتًا عشج الأس درجة مئؾية. بالإضافة إلى ذلػ ، أعي 80و  70درجة مئؾية. ،  60فمكية / مل عشج 
، وتؼ تثبيظو تسامًا عشج الأس  8و  5٪ تقخيبًا عشج الأس الييجروجيشي 50دقيقة بيشسا انخفض بشدبة  30لسجة  7و  6الييجروجيشي 
أعيخت أن البكتخيؾسيؽ  . الفعالية السزادة لمبكتخيا ) لمبكتخيؾسيؽ السشقى جدئياً( ضج الدائفة الدنجارية الدخيخية9و  4الييجروجيشي 

كان فعالًا ضج البكتيخيا سالبة الجخام. تؼ اختيار التخكيبة وتحديشيا بحيث يسكؽ استخجاميا في ىحه الجراسة ، حيث أعيخت التخكيبة 
ة نذاطًا مزادًا لمبكتيخيا عؽ طخيق تثبيط نسؾ )الدائف L. plantarum L40السحتؾية عمى البكتخيؾسيؽ السشتج بؾاسظة تخكيبة 

كبخوبيؾتيػ فعال لمتعامل مع بعض  L. plantarum L40الدنجارية(. أعيخت الشتائج إمكانية استخجام البكتخيؾسيؽ السشقى جدئياً مؽ 
مدببات الأمخاض الجمجية وعلاج الأمخاض الجمجية مثل مخض قخحة القجم الدكخية. دعست الشتائج فكخة استخجام البخ وبيؾتيػ كظخيقة 

 سزادات الحيؾية.بجيمة لمعلاج بال
 بكتخيؾسيؽ، مزاد حيؾي، مزاد بكتيخي، بكتخيا حسض اللاكتػالكممات المفتاحية: 

Introduction: 

Nearly a third of the anticipated US$176 

billion in direct healthcare expenditures for 

diabetes care in 2012 are attributable to the 

treatment of diabetic foot ulcers [1]. Despite 

the enormous financial investment in 

healthcare, 20% of patients still aren't well a 

year after treatment. About 40% of people 

who have had diabetic foot ulcers heal will 

experience a recurrence of their condition 

within a year [2]. Despite the fact that there 

are defined guidelines for the management of 

diabetic foot ulcers, therapy of these ulcers can 

be difficult. A wide range of new interventions 

to improve wound healing are being studied 

[3]. 

High rates of morbidity, death, and healthcare 

costs have been linked to diabetic foot ulcers 

(DFU), a common consequence of diabetes. 

The International Diabetes Federation 

estimates that between 19% and 34% of 

patients with diabetes may develop DFU at 

some point during their lifespan [2]. Despite 

its long clinical therapeutic attempts, diabetes 

mellitus still represents a major health concern 

for millions of people globally and in 

particular, its most severe complications which 

is the development of diabetic foot ulcers [2]. 

Therefore, finding new therapeutic protocols 

for diabetic foot ulcers confrontation are 

certainly important and urgent. In this context, 

several strategies were recently proposed such 

as antimicrobial peptides, using probiotics and 

even utilization of some bacteriophages as 

alternatives to currently available antibiotics, 

probiotic therapy provides promising results 

[4]. 

 The purpose of this study is to identify a 

locally isolated Lactobacillus sp. that is able to 

produce a bacteriocin with antimicrobial 

activity against Psedomonas aeruginosa 

isolates seen in diabetic foot ulcer samples. 

The study is particularly, will focus on the 

multidrug-resistant bacterial isolates that 

associated with the diabetic foot ulcers. In 

addition, this work will investigate the 

possibility of using the Lactobacillus 

bacteriocin as a dermal probiotic for treatment 

of DFU. In order to achieve these goals, the 

following objectives were followed: 

a) Isolation and identification of diabetic foot 

ulcer bacterial pathogens and 

Lactobacillus sp. from different sources.   

b) Screening of Lactobacillus isolates for 

bacteriocin production and purification 

and characterization of bacteriocin 

stability. 

c) Preparation of suitable formula containing 

viable cells of the selected Lactobacillus 

cells or its bacteriocin. 

d) Evaluation of antibacterial activity of 

bacteriocin against P. aeruginosa in virto 

Materials and Methods 

Collection of pathogenic isolates 

A total of one hundred twenty specimens taken 

by swab from individuals who suffer from 

diabetic foot ulcer, then were cultured in 

different media and primarily identified 

through morphological characteristics and 

regular Biochemical tests, including catalase, 

oxidase, indole and hemolysis test and further 

identified by Vitek 2 system.  

Collection of Lactobacillus isolates:   

A total of two hundred and forty were 

collected from Jan 2021 to July 2021 were 

collected from different sources as follows: 

 Human specimens taken from mouth 

of healthy individuals  
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 Dairy products : including yogurt, cow 

milk and cheese. 

The samples were primarily grown on de 

Mann Rogosa Sharpe (MRS) agar, incubate at 

37ºC for 48 hours, which in anaerobic 

environments using candle-jar. To identify the 

isolates primarily, each colony was 

investigated for morphology, Gram staining, 

catalase activity test and oxidase test and 

further identified by Vitek 2 system. All 

bacteria isolates were  stored for further study. 

All of particular bacterial isolates then kept at 

4 °C in MRS broth supplemented with 

glycerol (30% v/v) [5]. 

Partial purification of bacteriocin   

Protein concentration assay 

The concentration of protein was estimated 

according to [6) by adding 0.1 ml of the 

sample into a test tube. Then, 2.5 ml of 

Coomassie stain and 0.4 Tris-HCl (0.02 M, pH 

8.0) buffer were added to sample tube. The 

contents were mixed well and absorbance was 

measured at 595 nm after 2 minutes against 

the blank (2.5 ml of Coomassie stain and 0.5 

Tris-HCl buffer). The protein concentration 

was estimated according to the bovine serum 

albumin standard curve which is prepared as 

follows: 

A total of six different BSA concentrations (0, 

20, 40, 60, 80, and 100 g/ml) were mixed up in 

a 0.1-milliliter test tube. A 0.4 ml from Tris-

HCl buffer was added to each tube. A total of 

2.5 ml of Comassie G-250 solution was added, 

thoroughly mixed, and then permitted to sit for 

5 minutes. The spectrophotometric absorbance 

at 595 nm was determined. Both the Tris-HCl 

buffer (0.5 ml) and the Coomassie G-250 (2.5 

ml) are included in the blank. It was 

determined by plotting a standard curve of 

BSA concentration vs absorbance [6]. 

Separation and purification of bacteriocin  

a- Ammonium sulfate precipitation 

Broth culture was centrifuged at (8000 rpm) 

for 30 minutes at 4ºC. bacteriocin activity and 

protein concentration were estimated. Cell free 

supernatant (CFS) was transferred to a beaker 

placed in an ice bath on a magnetic stirrer. An 

appropriate amount of ammonium sulphate 

(NH4)2SO4 was added gradually to the CFS 

in order to achieve 30, 40, 50, 60, 70 and 80 % 

(w/v) saturations under slow constant stirring 

at 4ºC. The stirring was continued for an 

additional 30 min. Each saturation level's 

precipitate was centrifuged separately for 30 

minutes at 10000 rpm. Then, supernatant was 

decanted and the precipitates were re-

dissolved in phosphate buffer pH 8. Next, the 

dissolved precipitates were dialyzed 

separately, in phosphate buffer using dialysis 

membrane tubes (1 kDa MW cutoff). Then, 

the dialysis bags contained precipitates were 

placed in 0.5 liter of phosphate buffer 

overnight at 4ºC. The buffer was replaced four 

times [7]. 

b- Sephadex gel filtration Chromatography 

Further purification was carried out by gel 

filtration chromatography using Sephadex G-

150 gel. The gel was loaded carefully in the 

column to obtain (1.6x 43 cm). The column 

was equilibrated with 0.1M phosphate buffer 

(pH 7.2). The dialyzed protein sample (4 ml) 

was then applied to the column and proteins 

were eluted using 0.1M phosphate buffer at 

room temperature. By setting the flow rate to 

30 ml/hr. Absorption at 280 nm was 

determined for  samples collected using a UV-

spectrophotometer. Well agar diffusion assay 

was used to check the fractions for their ability 

to kill an indicator strain of bacteria. Protein 

concentration and bacteriocin activity were 

measured after combining the antimicrobial 

active fractions in a single test tube [8]. 

Preparation of bacterial pathogen as 

indicator 

Pathogenic isolate was used: (P. aeruginosa) 

isolated from diabetic foot ulcer. This 

indicator was prepared as follow: A chosen 

colony was transferred via a sterile wire loop 

into a tube containing 5ml of brain heart 

infusion broth, and the tube was placed in an 

incubator at 37°C for 24 hours. After that, we 

standardized the cell density in the McFarland 

tube to 1×10
8
 cells/ml at 600 nm [9]. 

Characterization of bacteriocin 

a- Thermal stability of bacteriocin 

In order to test the thermo stability of 

bacteriocin, samples were exposed to different 

temperatures (20, 30, 40, 50, 60, 70, 80, 90) C 

for 10 min followed by cooling on an ice-bath. 

The residual activity was then determined by 

agar-well diffusion technique against indicator 

bacteria [10]. 

b- pH stability of bacteriocin 

Partially purified bacteriocin preparation was 

treated with either 0.1N HCl or 0.1 N NaOH to 

achieve the desired pH values between 4 and 

9. The pH adjusted crude extracts were 

incubated for 30 min. After incubation, 

aliquots were neutralized and activity was 
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measured by agar-well diffusion technique 

against indicator bacteria [10]. 

Pharmaceutical formula including partially 

purified bacteriocin 

A cream contained the partial purified 

bacteriocin was prepared as follow : 

•Amount of 0.1 gm of methyl paraben was 

dissolved in 1ml of ethanol 70%. 

•Forty-nine ml of olive oil was gradually 

added with continues mixing. 

•5 ml of partially purified bacteriocin was 

added with mixing until homogenization.             

An amount of 50 gm of white petroleum 

(Vaseline) was added gradually with 

continuous mixing to homogenization. The 

prepared cream was stored in close container 

at 4ºC [11]. 

In vitro evaluation experiment of 

pharmaceutical formula  

After preparing the suitable formula 

containing active material (partially purified 

bacteriocin), and to test the antibacterial 

activity within the formula, agar well diffusion 

method was used. An amount of 100μl of an 

overnight culture of the P. aeruginosa (as 

indicator) containing approximately 1×10
8 

cells/ml was added into 100 ml of a sterile 

Muller Hinton agar kept at 45-50°C in a water 

bath. The mixtures were kept at the same 

temperature until poured into sterile plastic 

petri dishes and allowed to solidify. Circular 

wells of 5mm in diameter were made using a 

sterile cork borer and then low melting 

temperature of Muller Hinton agar was used to 

seal the bottom of the wells. Then, aliquots of 

100μl of the formula containing partially 

purified bacteriocin were dispensed in the 

wells and then plates were incubated for 24 hr. 

at 37°C. Following the incubation, the 

diameter of inhibition zone around each well 

indicating to the antibacterial activity result 

[12]. 

Result & Discussions: 

Morphological identification of Lactobacillus 

isolates was mainly achieved by investigating 

the appearance of colonies on the solid 

medium (MRS) as well as the microscopic 

examination. All colonies of isolation MRS 

agar were white, rounded in shape and range 

in consistency from creamy white in color to 

glossy white and moist-mucoid colony 

appearance on the surface. The results of 

microscopic examination showed that the 

isolates were Gram positive with long or short, 

opaque and smooth without pigment chains. 

The microscopic field examination for all 

isolates was investigated. Under light 

microscope, Lactobacillus is a Gram positive, 

rod-shaped (bacilli) and occurred singly, in 

pairs or even in chains [13] were performed to 

detect the genus Lactobacillus. Results 

exhibited that all Lactobacillus sp. isolates 

were oxidase and catalase negative. In 

conclusion, results of chemical and 

morphological tests revealed that 71 isolates 

from 240 samples isolated from cow’s milk, 

sheep’s milk, cheese, yoghurt and human 

mouth were Lactobacillus sp. confirmed by the 

biochemical tests. All of seventy-one 

Lactobacillus isolates and its source were 

employed in this study as stated in the 

following table (1). 

Table (1) Morphological and biochemical results of Lactobacillus isolates and isolate source 

Source No. of isolates Shape 

G
ra

m
 s

ta
in

 

C
a
ta

la
se

 t
es

t 

O
x
id

a
se

 t
es

t 

Hemolysis 

Sheep milk 9 Rod in shape  + - - α-hemolysis 

Caw milk 12 Rod in shape  + - - α-hemolysis 

Yogurt 23 Rod in shape  + - - α-hemolysis 

Cheese 8 Rod in shape  + - - α-hemolysis 

Human mouth 19 Rod in shape  + - - α-hemolysis 

Total 71 Rod in shape  + - - α-hemolysis 

 

One hundred twenty subjects were included in 

this study, 60 male and 60females who were 

pre-diagnosed with diabetic mellitus disease 

and diabetic foot ulcer, the majority of 

microorganisms isolated were Gram negative 

bacteria. Most common were S. aureus, E. 
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coli, Proteus mirabilis, Klebsiella pneumoniae 

and Pseudomonas aeruginosa. The results 

demonstrated that Gram negative bacteria 

were the most common bacteria isolated from 

diabetic foot, including Proteus mirabilis 

(8.3%), Klebsiella pneumoniae (10.8%), 

Pseudomonas aeruginosa (12.5%) and E. coli 

(7.5%). Whereas, Gram positive presented 

25.82% for both S. aureus and Staph. 

epidermidis. The present analysis showed that 

the most common Gram-negative bacilli in 

patients with foot syndrome were P. mirabilis, 

Ps. aeruginosa and Klebsiella spp., which 

made up more than 39% of the total. The study 

results were in agreement with a study 

conducted by [14]. However, subjects in this 

study have higher ratio of MRSA which is 

regularly hospital-acquired infection that is 

hard to exterminate, the study consequences 

agreed with [15] and[16]. Beside these 

bacterial isolates, 36 isolates (mixed bacteria 

and molds), identified morphologically and 

under microscope showed filaments proved 

their type. Mixed infections (bacteria with 

fungi) are uncommon but similarly found in 

DFU patients, for example Candida species 

and Aspergillus sp. were seen collective fungal 

isolates from DFU by [17]. only  P. aeruginosa 

was included in this work. 

The studied bacteriocin produced by L. 

plantarum L40 was precipitated from the 

culture supernatant by saturation with different 

concentrations of ammonium sulfate from (30, 

40, 50, 60, 70 and 80%,) followed by dialysis 

to remove salts and impurities. Based on the 

results maximum bacteriocin precipitation was 

obtained at 80% saturation level. The 

bacteriocin activity was 320 AU/ml with 

specific activity of 336.8 AU/mg as shown in 

figure(1).

 

 

Figure (1) Bacteriocin activity precipitated with different concentrations of ammonium 

sulfate (clinical p. aeruginosa) 

The precipitated bacteriocin was loaded in 

sephadex G-150. Sixty-five fractions of 4 ml 

were collected at a flow rate of 30 ml/hr. 

which then monitored at 280nm. 

Antimicrobial assay was performed for each 

fraction using P. aeruginosa as indicator 

isolate by agar well diffusion assay. two 

separated peaks were obtained in the 

separation profile. The bacteriocin activity was 

detected in eleven fractions corresponding to 

the second peak in fractions No. 38 to 49. The 

active fractions were collected and the specific 

activity of the partial purified bacteriocin was 

increased to 864.8 AU/mg resulting in 13-fold 

purification with 64% yield table (2) and 

Figure (2). In a similar study, bacteriocin 

produced by L. plantarum was purified using 

gel chromatography of Sephadex G150 

column [18].  
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Table (2) Summary of bacteriocin purification of Lactobacillus  plantarum L40  

Purification 

Step 

Volume 

(ml) 

bacteriocin 

activity  

(AU/ml) 

Protein 

Conc. 

(mg/ml) 

Specific 

activity 

(AU/mg) 

Total 

activity 

(AU) 

Purification 

(folds) 

Yield 

% 

CrudeExtract 50 80 1.2 66.66 4000 1 100 

Ammonium sulfate  10 320 0.95 336.84 3200 5.05 80 

Sephadex G-150 

after Concentration 

with Sucrose 

4 640 0.74 864.86 2560 13 64 

 
Figure (2) Purification of bacteriocin by Sephadex G-150 column equilibrated and eluted with 

sodium phosphate buffer, pH 7.2 with flow rate of 30ml/hr. 

Thermal stability of bacteriocin is an 

important criterion that can help to determine 

whether the bacteriocin is belong to the class 

of heat-labile or heat –stable protein [19]. In 

order to examine its thermo stability, the 

activity of bacteriocin produced by L. 

plantarum L40 was tested in different 

temperatures ranging from 20 to 90◦C , the 

activity of bacteriocin was remained stable 

after 10 min at 20, 30 and 40 C◦ as no effect 

was observed on its antimicrobial activity. 

However, bacteriocin activity was 

significantly decreased after exposure to 50◦C 

for 10 min. In addition, the activity of 

bacteriocin was obviously decreased upon 

exposure to 60, 70 and 80 Co for 10 min, 

reaching to 20 AU/ml. Bacteriocin activity 

was disappeared in at 90Co for 10 min. From 

these results, it can be concluded that the 

bacteriocin is heat –labile. Some studies 

reported that no reduction was observed in the 

inhibitory activity of the CFS on heating to 

40˚C for 10 or 30 min, but a slight reduction 

was observed when the heating was continued 

for 60 minutes. However, a seven percent % 

reduction in the activity was observed on 

heating at 60˚C, while heating to 100˚C or 

121˚C resulted in complete loss of the activity 

regardless of the length of the heating period 

[8], reported a loss of activity after heat 

treatment at 121˚C for 15 min. 

pH stability was used to test the activity of the 

bacteriocin from L. plantarum L40, bacteriocin 

activity showed stability at pH 6 and 7 in 

which the bacteriocin kept its stability of 640 

AU/ml for 30 min. However, bacteriocin 



 2023الـسـنـة         1الـعـدد         15مـجـمة كـمـيـة مـديـنـة الـعـمـم                        الـمـجـمـد  
 

44 
 

activity was decreased to (80 AU/ml) at pH 8, 

whereas, no activity was observed at pH 4 and 

9. The range of pH stability for bacteriocin 

activity is differing from one to another. Some 

bacteriocins have a wide range active of pH 

while others are active at a narrow range, it 

can be noticed from other studies that, the 

bacteriocins of Lactobacillus strains were 

active over a wide range of pH (2-6) and it 

reduced to alkaline pH, indicating strong 

probiotic potential, because most of the 

bacteriocins are resistant to acidic pH more 

than alkaline pH. The purified bacteriocin of 

Lactobacillus fermentum showed a maximum 

activity at an initial pH of 2 and 4 with an 

activity unit of 1600 AU/ml against S. aureus 

[20]. The results agreed with [9] who reported 

that the activity of bacteriocin produced by L. 

acidophilus HT1 was stable in pH 6, 7 while 

decreased in pH 8. In this study, P. aeruginosa 

was the most causing pathogen for foot ulcer, 

the formula was tested for eighteen days in 

order to measure the availability of 

Lactobacillus plantarum L40 bacteriocin to 

inhibit bacterial growth, the L40 cells formula 

showed increasing in activity with 22mm in 

dimeter against P. aeruginosa and lack of its 

green color altering into yellow improving the 

L. plantarum L40 availability and ability of 

producing compounds that affect or inhibit 

bacterial growth (Figure 3). Results reflected 

the ability of formula to spread excellently, 

because the therapeutic efficacy of gels is 

usually depends on their spread. Emul gels 

have excellent spreading ability which leading 

to a perfect quality in topical application. 

Furthermore, this is considered an important 

factor in patient compliance with treatment. 

 
Figure (3) The antibacterial activity of purified bacteriocin formula against the bacterial indicator  

Pseudomonas aeruginosa 

The antibacterial activity of bacteriocin 

produced from L. plantarum L40 applied in a 

gel formula preparation was investigated 

against P. aeruginosa. According to results 

presented in the study a significant inhibition 

zones were observed around wells contained 

the bacteriocin-containing cream. Inhibition of 

P. aeruginosa growth was certainly 

demonstrated the efficiency of the formula 

through several points included:  

1- activity of bacteriocin. 

2- its releasing throughout the formula to the 

tested media.  

The study results confirmed no interaction 

between bacteriocin and any component of the 

formula that may counteract bacteriocin ability 

to inhibit tested bacteria.  

The results showed an inhibition of bacterial 

growth to: P. aeruginosa, L40 bacteriocin 

formula showed an inhibition zone of (24 

mm). The results of this study were similar 

with [8] who reported that bacteriocin has a 

significant antimicrobial activity against Gram 

positive and negative bacteria with bacteriocin 

concentration (400,500 and 640) AU/ml. 

Moreover, [9] reported that bacteriocin from 

L. acidophilus HT1 have inhibitory activity 

against P. aeruginosa. 
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Conclusions 

The results showed the possibility of using 

bacteriocin-producing Lactobacillus plantarum 

as an effective probiotic to deal with some 

skin pathogens, and hence treat some skin 

diseases. L. plantarum showed an ability to 

produce an effective bacteriocin against some 

common diabetic foot ulcer pathogens and, 

therefore this species can be selected as a 

prospective dermal probiotic that can be 

applied in a gel formula  

Reference 

[1] De Smet GHJ, Kroese LF, Menon AG, 

(2019).Oxygen therapies and their 

effects on wound healing. Wound 

Repair Regen. 

[2] Armstrong DG, Boulton AJM, Bus 

SA. (2019). Diabetic foot ulcers and 

their recurrence. N Engl J Med.  

15;376(24):2367-2375. 

[3] Prompers L, Schaper N. 2008. 

Prediction of outcome in individuals 

with diabetic footulcers: focus on the 

differences between individuals with 

and without peripheral arterial disease. 

The EURODIALE 

Study. Diabetologia.  51:747–755. 

[4] Taha OA, Connerton PL, Connerton 

IF and El-Shibiny A (2018) 

Bacteriophage ZCKP1: A Potential 

Treatment for Klebsiella 

pneumoniae Isolated From Diabetic 

Foot Patients. Front. Microbiol. 

9:2127.  

[5] Nouralhuda A. H. and K. Luti (2022). 

Evaluation of in vitro antimicrobial 

activity of Lactobacillus parabuchneri 

as a potential probiotic in toothpaste 

against some oral pathogens, 

Department of biotechnology, Collage 

of science, University of Baghdad. 

[6] Bradford, M. (1976). A rapid and 

sensitive method for the quantitation 

of microgram quantities of protein 

utilizing the principle of protein-dye 

binding. Analyt. Biochem. 72, 248–

254. 

[7] Charles, P.; Devanathan, V.; Anbu, P.; 

Ponnuswamy, M. N.; Kalaichelvan, P. 

T.; and Hur, B. K. (2008). 

Purification, characterization and 

crystallization of an extracellular 

alkaline protease from Aspergillus 

nidulans HA10. J basic Microbiol; 

48(5):347-352.  

[8] Fouad N. R. and K. Luti, 2016 

Probiotic application of vaginal 

Lactobacillus crispatus against some 

genitourinary tract pathogens. M.Sc. 

Thesis. Department of biotechnology, 

Collage of science, University of 

Baghdad. 

[9] Hiba T. R. and K. Luti, 2020. a 

probiotic application of Lactobacillus 

acidophilus HT1 for the treatment of 

some skin pathogens. M.Sc. Thesis. 

Department of biotechnology, Collage 

of science, University of Baghdad. 

[10] Israa T. and K. Luti, 2021. Probiotic 

application of vaginal 

Lactobacilluscrispatus against some 

genitourinary tract pathogens. M.Sc. 

Thesis. Department of biotechnology, 

Collage of science, University of 

Baghdad. 

[11] Nooralhuda D. and K. Luti (2019). 

Study the optimal conditions for the 

production of lactic acid bacteria 

producing bacteriocin and evaluation 

of its probiotic potential. M.Sc. thesis. 

Department of biotechnology, Collage 

of science, University of Baghdad. 

[12] Mayr-Harting, A.; Hedges, A.J. and 

Berkeley C.W. (1972). Methods for 

studying bacteriocins. Methods 

Microbiol; 7: 315–412. 

[13] Zheng, J., Wittouck, S., Salvetti, E., 

Franz, C.M.A.P., Harris, H.M.B., 

Mattarelli, P., O'Toole, P.W., Pot, B., 

Vandamme, P., Walter, J., Watanabe, 

K., Wuyts, S., Felis,  . .,   nzle, 

M.G., and Lebeer, S. (2020). A 

taxonomic note on the genus 

description of 23 novel genera, 

emended description of the genus 

Lactobacillus Beijerinck 1901, and 

union of Lactobacillaceae and 

Leuconostocaceae. Int. J. Syst. Evol. 

Microbiol. 70(4):2782-2858. 

[14] Uivaraseanu, B.; Bungau, S.; Tit, 

D.M.; Fratila, O.; Rus, M.; Maghiar, 

T.A.; Maghiar, O.; Pantis, C.; Vesa, 

C.M.; Zaha, D.C. 2020. Clinical, 

Pathological and Microbiological 

[15] Evaluation of Diabetic Foot 

Syndrome. Medicina 56, 380. 

[16] Jain SK, Barman R. (2019). 

Bacteriological profile of diabetic foot 

ulcer with special reference to drug-



 2023الـسـنـة         1الـعـدد         15مـجـمة كـمـيـة مـديـنـة الـعـمـم                        الـمـجـمـد  
 

46 
 

resistant strains in a tertiary care 

center in north-East India. Indian J 

Endocrinol Metab 21(5):688–94. doi: 

10.4103/ijem.IJEM_546_16. 

[17] Ismail AA, Meheissen MA, Elaaty 

TAA, Abd-Allatif NE, Kassab HS. 

(2021). Microbial profile, 

antimicrobial resistance, and 

molecular characterization of diabetic 

foot infections in a university hospital. 

Germs 11(1):39–51.1239. 

[18] Torrence GM, Schmidt BM. 2018. 

Fungal osteomyelitis in diabetic foot 

infections: a case series and 

comparative analysis. Int J Low 

Extrem Wounds. 17(3):184–9 

[19] Fang, B., Wang, Y., Song g. (2014). 

Bacillus subtilis enhances production 

of Paracin1.7, a bacteriocin produced 

by Lactobacillus paracasei HD1-7, 

isolated fromChinese fermented 

cabbage. Ann Microbiol, 4, 1735-

1743. 

[20] Heng, N.C.K, Wescombe, P.A., 

Burton, J.P., Jack, R.W., Tagg, J.R. 

(2007). The diversity of bacteriocins 

in Gram-positive bacteria. In: 

Bacteriocins: Ecology and Evolution 

(pp. 45-92). Riley MA and Chavan M. 

Springer, Berlin.  

[21] Ben-Yahia, L., Mayeur, C., Rul, F., & 

Thomas, M. (2012). Growth 

advantage of Streptococcus 

thermophilus over Lactobacillus 

bulgaricus in vitro and in the 

gastrointestinal tract of gnotobiotic 

rats. Beneficial Microbes, 3(3), 211-

219. 

[22] Milla Gabriela B. D.; A. R.Silvio; M. 

D. Camila ; A.R. Larissa; J. R; O. C. 

Ferdinando;J.Q. Lucindo and R.D. 

Jackson 2016 .Development and 

evaluation of stability of a gel 

formulation containing the 

monoterpene borneol. The Scientific 

World Journal. 

 


